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This paper is the sixth publication of a series published yearly since 1962 and elaborating 
the Mollusca material of the boring at Felsőszentiván in 1954, The boring is 77 m deep, carried 
out for scientific aim and with due thoroughness by Professor I. MIHALTZ, the then head of the-
Institute for Geology of the University ín Szeged. Prof MIHALTZ prepared a detailed geological 
profile of the sedimentary complex and has personally dictated the data to the present author. 
The profile has been divided by the latter on the basis of the Mollusca fauna into periods and 
subperiods. The middle arid (Illrd) period is characterized above of all by the absence of aquatic 
fauna, resp, by its great poverty. The period may be divided into 13 subperiods. The present 
paper is dealing with the four lower ones (subperiods III 10—13) including the part 36.2-—44.2 
m of the profile. The elaboration is following the method of the previous papers. 
Subperiod IU/10. 3 6 . 2 - 3 6 . 5 m 
* . 
It is formed by a single 30 cm boring sample. The material is quicksand with 
some loess. It is distinctly limited by the high number of „Mollusca exemplars 
altogether" (411, opposite to 9 in the above adjacent sample and 19 in the be-
low adjacent one. (The evaluation of its fauna is based on a comparison with 
that of the above adjacent loess. That loess is the lowest part of subperiod 
ül/9, lying from 34.6 m to 36.2 m, consisting of eight 20 cm boring samples, 
and containing 298 Mollusca exemplars altogether. Its detailed discussion was 
presented in the previous publication [ H O R V Á T H , A. (1966) : The middle part 
of the middle arid period in the boring of Felsőszentiván. — Acta Biol, Szeged, 
12, 1 4 9 - 1 5 8 ] . 
The aquatic fauna ín subperiod III/10 is only represented by 1 single exemp-
lar of Anisus planorbis, while in the adjacent loess it was represented by 1 
exemplar of Bitbynia luachi. 
The number of exemplars of the amphibian Sitccinea oblonga (14) is moderate, 
but, compared to that in loess (together 19 exemplars, with 0—5 exemplars per 
sample), it has considerably increased and indicates more humidity. 
The hygrophilic ubiquitous species (10 species, 387 exemplars) represent the 
bulk of the fauna. The number of species is two more than in loess, this increase 
being, however, only 1 exemplar of Vertigo pygmaea and 1 of Vallonia ennicn-
sis. They are fairly cold-resistant but also somewhat xerophilous species, their 
appearance suggests warmer weather. The other eight species arc common with 
those in loess, but their numerical ratio differs considerably in the two layers.. 
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Vallonia cos tat a has the most exemplars (93), it is a fairly cold resistaot and 
rather xerophilic species. The number of its exemplars is 15 in loess and 0—5 
per sample, being there quantitatively on the fourth place. Punctum pygmaeum 
(79) is the second one, in loess — with 14 exemplars and 0—5 exemplars per 
sample — it is on the sixth placc. Its natural increase is motivated by more hu-
midity an dircher vegetation. Cocbiicopa lubrica (66) is the third specics that 
multiplied also as humidity increased. (In loess 2—21 per sample, altogether 88). 
Tricbia bispida (48) is here the fourth, in loess (98, but 4—31 per sample), 
however, it takes the first place. It is a typical loess mollusc, tolerating the arid 
cold loess-forming climate better than the other species, multiplying more inten-
sely as a result of increased humidity and warmth. Euconuhts trocbiformis (37) 
and Vallonia pttlcbella (36) are cold resistant but rather hvgrophilic spccies. 
In loess, mainly owing to aridity, each of them is represented only by 3 exemp-
lars altogether and so they take the last place. Pupilla mttscorum (23) is the 
seventh, it lived nonetheless under more favourable conditions than in loess 
where it took the third placc with 33 exemplars altogether and 0—9 exemplars 
per sample. It is a good cold-resistant spccies, satisfied with little humidity, but 
with the increase of humidity it got under more favourable conditions. Dero-
ceras agreste (3) lived both here and in loess, too (15, 0—5 per sample), aproxi-
mateiy under equally unfavourable conditions. 
The inhabitants of the groves arc represented in this 30 cm layer by four 
species and nine exemplars, while in the 160 cm loess layer we have found only 
thrce species and eight exemplars of them. The Perpolita bammonis (3) occurs 
in four of the eight loess samples, each with 1 exemplar, and Arianta arbasto-
rum (3), in loess similarly with three exemplars but only in a single sample. 
Goniodiscus ruderatus (2) and Perforatella bidens (1) could not be found in 
loess. On the other hand. Columella eden tula subsp. columella was only found 
in loess, in a single exemplar. The subspecies is a subalpine form above the 
timber-line, from a colder loess climate. The presence of the grove-dwelling 
fauna occurring rarely both here and in loess, suggests, however, more humidity 
iind a richer vegetation. 
No xerophilous species have been found here. Even in loess only one 
exemplar of Imparietula tridens was found. The species may have got more 
sunshine in the colder but more arid loess-forming climatc, permitting it to 
survive. 
The molluscs discusscd here in detail remind us of the moist clearings of 
the Hungarian mountains of medium height. The above mentioned data suggest 
a cool humid climate, milder and more humid than that of the loess-forming pe-
riod, and coldcr than the present climatc of the Great Hungarian Plain. The 
vegetation may have been richer than that of the Socss period but, as a matter of 
fact, it must have been rather open. 
Subperiod HI/11. 3 6 . 5 - 3 7 . 5 m 
The layer is 1 m thick, consisting of two samples of 30 cm and two of 20 
cm each. Its material is fine sand containing a little humus and loess. It is dis-
tinctly limited from the adjacent subperiods by the low values of Mollusca 
exemplars altogether (19—47) both upwards (411) and downwards (155—615). 
In the subperiod 137 exemplars were found, with no aquatic species at all. 
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From the two amphibian spccics Sttccinea oblonga (14) occurs in every sample 
but with a much lower number of exemplars than those observed is subperiod 
HI/10, indicated much less humidity. The highly hygrophilic Sttccinea putris, 
found only in the third sample and only with two exemplars, may refer to the 
periodic presence of water. 
The hygrophilic ubiquists are represented by eight species and 103 exemp-
lars. The fauna adjacent above, continues in them with a much lower number 
of exemplars. Their population reminds us rather of the loess of subperiod 
I I I '9 . Similarities to the loess fauna: absence of Vertigo pygmaea and Vallonia 
en nien sis, the low number of exemplars, the first place of Tricbia bis pi da (66) 
and the sccond one of Cocblicopa Ittbrica (20). The exemplar number of the 
other six species is much lower: Vallonia costata 6, Pttpilla tnuscorttm 5, Val-
lonia pulcbella 2, Punctata pygmaeum 2, Euconulus trocbiformis 1, Deroceras 
agreste 1. These data suggest an arid cold climate reminding of loess and an 
open vegetation. The grove-dwellers arc represented by three species and thir-
teen exemplars. This fauna reminds us of the previous subperiod, being anyway 
somewhat poorer than that. Perforatella b'tdens is missing. I have found only 
one exemplar of it in the previous subperiod. And it may be not a matter of 
mere chance that just this most thermophilic species is absent. The other species 
arc the same as those in the previous subperiod, their exemplar number is 
equally low (Perpolita hammonis 6, Arianta arbiistorum 5, Goniodiscus ruder a-
tus 2), and their occurence became sporadic. After all, the grovcdwellers also 
indicate a more arid and colder climate than that of the previous subperiod. 
I have found thermophilic species only in the two lower samples where they 
are represented by five exemplars of Helicella bungarica. The cool, humid milieu 
of the previous subperiod was unfavourable for the thermophilic species, and 
I have actually found none of them. Here, however, in a more arid colder climate 
that had anyway more sunshine, at least when the effect of cold was more mode-
rate they managed to survive. 
After all, this subperiod was much more arid and colder than the previous 
one, and had a poorer vegetation. The two lower boring samples came from 
a somewhat milder climate, as proved not only by the presence of thermophilic 
species, but also by the increase in fauna appearing with a general character. 
Subperiod 11( 12. 37.5—40 m 
The layer is 2.5 m thich and consists of five 50 cm boring samples. Its ma-
terial is from 37.5 m to 38 m loess with some humus, lower fine sand with some-
loess containing a little humus between 38—39 m. It is distinctly delimited buth 
upwards and downwards by the high values of Moll a sea exemplars altogether. 
The samples are half m broad, i. e. larger than those of the previous subperiod, 
but upwards the difference continues to be very obvious, even if the exemplar 
numbers are decreasing proportionally. Downwards, in the next subperiod, the 
size of the samples remains 0.5 m. The total number of exemplars is 1757. 
An aquatic species, namely four exemplars of Stagnicoia palustris, could be 
found only in the upmost sample where it might indicate the periodical presence 
of stagnant water. 
The amphibian species are the same as those in the previous period. Sued-
nea oblonga (206) occurs here, too, in all the samples, but the number of its 
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exemplars is much higher, this means a more humid milieu and a warmer cli-
mate. Succinea putris (1) was found only in the first sample. It indicates the 
presence of water, since it lives only on the waterside. 
The hygrophilous ubiquists, with 10 species and 1435 exemplars, constitute 
the bulk of the fauna here. The fauna augmented with the species Vertigo pyg-
maea (11) and Vallonia ermtensis (4). These arc somewhat thermophilous, their 
presence means more warmth. The other eight species are the same as those in 
the previous subperiod. Like in the previous subperiod, the first place is taken 
here too by the species Trtcbia bispida (931), the sccond one by Cocblicopa fab-
rics (184) but in an immensely increased number of exemplars. The other species 
are: Vallonia pulchella (89), Papilla muscorum (76), Punctual pygmaeitm (47), 
Deroceras agreste (47), Encontdtts trocbiformis (35), with equally superior exemp-
lar numbers. AU these numerical augmentations may be motivated by a more 
humid and milder environment. The amount of Vallonia costata (11) is also 
somewhat larger, although it was the third one in the quantitative order of the 
hygrophilous ubiquists of the previous subperiod and the ninth in this one. It is 
a good cold-resistant but also thermophilic species. Its multiplication here means 
a rise in temperature, remained, anyway, in favourable for the spccics. 
The grove-dwellers are represented by four species and 88 exemplars. Colu-
mella edentula subsp. columella (1) did not occur io two previous subperiods. 
We have found it at last in the loess of subperiod III/9, where it occurred in 
two places with 1 exemplar in each of them. At present, this subspecies lives in 
the high mountains of Europe and in Northern Europe above the timber-line, 
indicating a far colder climate than prevails present by in the Hungarian Plain. 
The other three spccics are the same as these in the previous subperiod. Arianta 
arbustoritm (45) is leading but its exemplar number is considerable only in the 
uppermost sample (29), in the other samples it appears systematically but only 
with low exemplar numbers (ranging from 2 to 7). Perpolita hammonis (37) is 
forming similarly a full sequence, its exemplary number varying between 1—10. 
In the three lower boring samples its quantity is larger that that of the previous 
species. Goniodiscus ruder a tin (5) is everywhere rare but is missing only from 
one boring sample. After all, as compared to the previous subperiod, the occur-
rence of grove-dwellers is more systematic, and their amount has augmented, 
as well. This favourable change may be attributed to the effect of the more 
humid environment. 
There are 2 species and 23 exemplars of thermophilic group. The more 
thermophilous Helicella bungarka (16) is restricted nearly entirely (with 15 ex-
emplars) to the uppermost sample while the less thermophilous Imparietida tri-
dens (7) occurs in the three lower samples. In the cool humid milieu of the 
subperiod the thermophilic group only vegetated. Their life conditions, however, 
embettered somewhat as compared to the previous subperiod, and this suggests 
a little increase in warmth. 
After all, the milieu effect in the subperiod is cool and humid, much more 
humid and somewhat warmer, than in the previous subperiod. The vegetation 
increased but remained of open character. The uppermost sample of the sub-
period may have originated in a somewhat milder climate, this may be coocluded 
from the relatively high exemplar number of Helicella bungarica and Arianta 
arbustorum. 
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Subperiod III/13. 40—44.2 m 
The layer is 4.2 m thick and consists of 9 boring samples, from which 
7 are 50 cm, one is 30 cm and one 40 cm deep. Its material is quicksand, it is 
distinctly delimited both upwards and downwards by the lower amounts of 
„Mollusc a exemplars altogether." Downwards the limit of the subperiod is com-
mon with that of the lower humid period (IV.) A clear-cut border line is drawn 
here by the quick augmentation of the aquatic fauna, as well. The number of ex-
emplars found in the subperiod is 663 altogether, while 1757 were found in the 
much thinner layer of the previous subperiod. The aquatic fauna is represented 
only by three species and six exemplars: An is us planar bis (3), Slagnicola palustris 
(2), Anisus spirorbis (1). These are ubiquitous species of a wide range of 
resistance. Aquatic species occur oniy in four of the nine samples of the sub-
peirod. Newerthelcss, the aquatic fauna is present throughout the whole sub-
period with low exemplar numbers and incomplete. The waters may have been 
of seasonal character and, for motivating duly the low number of species and 
exemplars, low temperature of these waters is also presumable. These waters 
may have originated from the yielding of frozen soil and possibly from thawing 
of the snow. 
The number of amphibian species is four. Two of them are common with 
the previous subperiod, while two others (Carycbium minimum, Succinea pfeij-
feri) represent a surplus. The increase of species number may be attributed 
to the augmentation of water. Owing to more water we would expect an increase 
in the exemplar number, too, but we have experienced on the contrary, a dec-
rease. The total number of exemplars is 171. Succinea oblonga (166) is the most 
numerous, constituting a full sequence, but its exemplar numbers are generally 
lower than in the previous subperiod. It is a characteristic loess mollusc but its 
cold-resistance is moderate, and in Northern Europe it is at present already 
scarce. Here it was influenced unfavourably by cold humidity. The quantity of 
the other three species is negligible. Succinea putris (3) and Succinea pfei/feri 
(1) arc fairly cold-resistant, bur they need a waterside. Carycbium minimum (1) 
is equally cold-resistant, it is primarily a coastal species but in a humid environ-
ment it survives even far from water. 
The hygrophilic ubiquitous species arc represented by 10 species and 434 
exemplars. The species are common with those in the previous subperiod, their 
exemplar number is, however, lower. (The category was represented in the much 
thinner layer of the previous subperiod by 1435 exemplars.) Tricbia bispida (295) 
and Cocblicopa lubrica (53) maintain their leading on the first and second places, 
although with a strongly decreased exemplar number. Pupil/a muscorum (28) has 
got, in regard to quantity, from the fourth to the third place but its exemplar 
number decreased also very much. The number of exemplars of the other seven 
species is low. They follow in this quantitative order: Deroceras agreste (14), 
Punctum pygmaeutn (13), Vallonia pule bell a (11), Vail on ¡a cost at a (7), Euconu-
lus trocbiformis (7), Vertigo pygmaea (5), Vallonia enniensis (1), Unlike the pre-
vious subperiod, the decrease in the number of exemplars appears here in these 
species, too. The ubiquitous species mentioned in the paper prefer above all the 
humid coastal milieu, largely because of the richer vegetation. There was a shore 
here, nevertheless the fauna became poorer. This could be caused only by the 
cold that also prevented the coastal groves from developing. 
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The grove-dwellers are represented by four species and 35 exemplars. As 
compared to the four species and 8S exemplars found in the previous subperiod, 
this means a considerable decrease of the exemplar number. Arianta arbustoram 
(18) takes again the first place. It is fairly cold-resistant, In Northern Europe 
it survives even in the tundra. As concluded from its low exemplar number, 
here it may have vegetated under similar conditions. Perpolita hammonU (14) 
has maintained, although with a decreased exemplar number, its second place. 
Its cold-resistance is somewhat lower than that of the former specics but it occurs 
beyond the timber-line in the tundra and in the Alps, as well. Columella eden-
lida subsp. columella (2) occurs only in a single sample, being an evidence there 
of cold and open vegetation. Clausdia dubia (1) was not found in the previous 
subperiod. Its cold resistance is considerable but lower than that of the two pre-
vious specics. It is a forest-dweller but occurs occasionally outside the forest, as 
well. In the Alps, is also found at altitudes about 2400 m. Here it is only 
a negligible element in the fauna, probably becausc of the cold and treeless 
milieu. Goniodiscus ruderatus is fully missing, although in the previous sub-
period it occurred regularly except one sample. It is a good cold-rcsistant spccics 
but sensitive to much humidity and adheres to a woody environment. The cause 
of its absence here may have been much humidity and the open character of vege-
tation. After all, the qualitative and quantitative composition of the forest-dwel-
ler category io this subperiod seems to prove a cold, humid, treeless environment. 
We have found two species and 17 exemplers of thermophilic snails. Cer-
tainly not by mere chance, they are represented almost exclusively by lmparie~ 
lula Widens (16). Among the thermophilic species mentioned in this paper this 
species is the most resistant to cold and humidity. In the Alps it got up till 1000 
m but does not live in Nonthcrn Europe any more. Its role is a subordinate, 
as it was in the previous subperiod. Abida framentum (1) is somewhat 
more thermophilic and more sensitive to humidity and was missing from 
the previous subperiod, here too, I have found it only in the uppermost sample. 
Helicella bungarica that adheres the most to the warm arid environment 
still appeared sporadically in the previous subperiod but in this subperiod it 
couldn't be found any more. Solar radiation is much more effective at our lati-
tude than in Northern Europe, therefore the thermophilic spccics had got enough 
light and warmth to survive. After all, subperiod 111/13 was more humid and 
much colder than subperiod 111/12. It was characterized by a much colder cli-
matc than the present one, by cold seasonal standing waters and an open vege-
tation, As far as the molluscs were concerned the most unfavourable period was 
during the formation of the layer 41—42.5 m. In these three samples, the thermo-
philic species together with several ubiquitous ones arc missing, and also the 
grove-dwellers became rarer. This decline is shown by the amphibian Succinca 
oblonga only in the medial of the three samples, but at the same place we could 
find the aquatic Anisus planorbh, as well. The poor fauna of the three samples 
was caused, therefore, not by drought but by the increase of cold. 
Stratigraphical chronology 
In the previous publication I determiocd the time of loess formation on the 
bottom of subperiod III 9 from 34.6—36.2 m as a glacial continental part of 
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Slagnicola palustris O. F. MÜLL. 
Anisus planorbis L. 
Anisus spirorbis L. 
Aquatic species altogether 
Carychium minimum O. F . MULL. 
Succinea putris L. 
Succinea oblonga DRAP. 
Succinea pfeifferi RM. 
— 4 — — -
14 
Amphibiotic species altogether 
Cochlicopa lubrica O. F. MÜLL. 
Vertigo pygmaea DRAP. 
Pupilla muscorum L. 
Vallonia pulchella O. F. MÜLL. 
Vallonia enniensis GREDLER 
Vallonia costata O. F. MÜLL. 
Punctum pygmaeum DRAP. 
Euconulus trochiformis MONT. 
Deroceras agreste L. 
Trichia hispida L. 
Hygrophilic ubiquist species altogether 
Columella edentula DRAP. 
Clausilia dubia DRAP. 
Goniodiscus ruderatus STUD. 
Perpolita hammonis STRÖM 
Perforate/la bidens CHEMN. 
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Inhabitants of the groves altogether 36 15 12 19 
Abida frumentum D R A P . 
Imparietula tridens O. F. MÜLL.. 
Helicella hungarica S o ó s et H. W A Ü N E R 
Thermophilic species altogether 
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III/12) but it occurs only in a mixed state. Following the process of sediment 
formation upwards from below (in the chronological order of formation), we can 
establish the following: From 39 to 40 m the sediment is fine sand with some 
loess, delimited under 40 m by quicksand. The sandcarrying western winds re-
mained dominant but became weaker, carrying only fine sand instead of common 
sand from the bed of the Danube. The eastern winds were carrying loess. This 
change was caused by an inland ice-cap beginning to develop. The development 
of an ice-cap could take place in a moist climate. This climate is proved by the 
fauna, too, because above 40 m it becomes suddenly richer and remains so. The 
change in fauna is not motivated by the change of sediment (the ancient sub-
stratum) but only by that of the climate. In a depth from 38 to 39 m, the quick-
sand with some loess is mixed also with a little humus, the remainder of a vege-
tation that had increased as a result of a more rainy climate. This change is also 
indicated by the fauna since in the sample from 38.5 to 39 m the number of 
,,Molltisca exemplars altogether" is 615 and only 259 further below. The increase 
has affected the hygrophilic species (Succinea oblonga, hygrophilic ubiquitous 
species) while the thermophilic fauna changed hardly, so it was rather humidity 
than warmth which increased. The much poorer fauna of the next sample (from 
38 to 38.5 m) corresponds to a more arid and colder milieu. This change may 
have been caused by the coid-storage effect of the ice-cap thickened as a result 
of the larger quantity of precipitation. The humus here may already be a con-
sequcncc of the decay of former rich vegetation. From 37.5 to 38 m the material 
is loess with a little humus. With the predominance of loess-carrying eastern 
winds, a more arid and sunnier climate began. This change is indicated by the 
comparatively large amount of the thermophilic HelkeUa hungarica (15). The 
increase of the grove-dweller Ar'ianta arbostornm (29) is also considerable. Other-
wise, the fauna may be considered as an average type, as compared with sub-
period III/12. From 36.5 to 37.3 m the material is fine sand with a little humus 
and loess. The sediment is similar to that between 38 and 39 m but the poor 
fauna corresponds to a much more arid and colder environment (subperiod (III/ 
, 11,). That is easy to understand since the ice-cap was already considerably 
thick. From 35.2 to 36, 5 m the sediment is quicksand with a little loess. The 
western winds were more cfficicnt, for they carried quicksand, but the eastern 
winds had also some effect since the loess formation went on. The considerably 
richer fauna without any thermophilic species indicates the cool humid climate, 
corresponding to the change (subperiod III 10). 
After all, the loess containing sediments discussed here occupy an inter-
mediate position between the loess adjacent from above and the loess-free sedi-
ment adjacent from below. They may be considered, therefore, only an a sedi-
ment of the oceanic period, introducing Rissj glacial. 
From 40 m to 44.2 m (subperiod HE/13) the sediment is quicksand. Here 
the quicksand means the predominance of western winds, the lack of loess the 
absence of eastern winds, and the lack of humus the absence of vegetation 
needed for humus formation. This deficiency of vegetation may be attributed 
to the cold weather. The cold, humid covironment with an open vegetation, re-
constructed from the fauna, entirely corresponds to these conclusions. The quick-
sand is still present in a 40 cm sample as far as 44.6 m. The fauna of that 
sample occupies an intermediate position between the middle dry (III) and the. 
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lover humid periods (IV) bur, on account of its richer aquatic fauna 1 have 
classed it rather amoung the latter. Further downwards, as far as 71 m, there 
follows a variable series of sediments without containing, however, any loess 
layer. This series of sediments may only be considered, on account of its location 
and extent, as a deposit of the Mindel-Riss (large interglacial). The quicksand 
of subperiod III 13 is therefore already the uppermost part of the Mindel-Riss 
interglacial. 
Astronomical chronology 
The previous publication colsed with the continental part of Riss( gla-
cial. Moving back further towards older times, there follows on the climate 
curve of MILANKOVICH—BACSAK the oceanic part of Riss, glacial, the first 5000 
years of the Rissj glacial lastening for 11 000 years. It was a cold oceanic type 
of climate, when the inland ice-cap gradually developed. This period can be iden-
tified, on the basis of the data mentioned about their sediments and faunas, as 
the part of the profile ranging from 36,2 to 40 m. Further on, the climate curve 
is recording the Mindel-Riss interglacial, and at the end it shows a subarctic 
range of 5700 years. The formation time of the quicksand of subperiod III 13 
can be identified with this part of the climate curve. The cold continental cli-
mate type offers reasonable explanation for the comparatively poor fauna of the 
subperiod and for the conditions reconstructed from it. 
(To be continued) 
